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© Method of making tobacco rod with enhanced firmness and product of this method. 



© A binder is applied to tobacco filler which is then 
treated e.g. by drying, to make the binder substan- 
tially non-tacky. The filler shreds are formed into a 
rod in which they adhere to one another as a result 
of activation of the binder. The rod is then treated as 
necessary to bond the shreds together, 
^j! This method allows the formation of a tobacco 
^rod which has a high percentage of voids but main- 
COtains the requisite firmness, as shown by curves 20 
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and 22 contrasted with curve 14 for a typical com- 
mercial cigarette. 
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METHOD OF MAKING TOBACCO ROD WITH ENHANCED FIRMNESS AND PRODUCT OF THIS METHOD 



The present invention relates to a method of 
making a tobacco rod with enhanced firmness 
which allows the production of cigarettes with a 
high proportion of voids but with a firmness com- 
parable with or greater than that of present com- 
mercial cigarettes having a lower proportion of 
voids and to the tobacco rod produced by this 
method. 

For many years, cigarette manufacturers have 
sought to maximise the desirable characteristics of 
manufactured tobacco and smoking articles. 
Among these desirable characteristics have been 
pleasing taste and aroma, reduced smoke during 
static burning, ease of draw, reduced shedding of 
tobacco particles from the rod ends, proper coal 
integrity and proper firmness and density of the 
rod. Additionally, manufacturers have long been 
aware of the advantages of increasing the filling 
power of tobacco. 



Definitions 

As used herein and in the claims that follow, 
the following terms have the indicated meanings: 

"Density": Densities of the sample cigarettes 
are determined by weighing each individual equili- 
brated cigarette (equilibrated at a temperature of 
75* F and 60% relative humidity) and then mea- 
suring the circumference of each cigarette using a 
laser micrometer. This allows density to be cal- 
* culated by dividing the amount of filler in the ciga- 
rette (total weight minus the weight of the paper 
and seam adhesive) by the volume of the cigarette 
(length x (circumference^) 2 x *•). 

"Firmness": Resistance to compression. Firm- 
ness is determined by placing 15 cigarettes in 3 
levels of 6, 5 and 4 in a holder having a fixed area 
trapezoidal shaped shoe. The filled cigarette holder 
is placed under a compression device in such a 
way that the compression plate is properly placed 
to make contact with the center 40 mm section of 
the four cigarettes directly in contact with the plate. 
The cigarettes are initially compressed with a 100 
g plate weight until they stabilize in place. At this 
time, an additional weight of 1400 g is applied by 
an electromagnet. At the end of 30 seconds, the 
compression value measured in mm, which is indi- 
cative of cigarette firmness, is automatically re- 
corded. "Increased," "enhanced," or "better" firm- 
ness corresponds to less compression and hence 
lower firmness numbers. 

"Void volume" (W): Percentage of the total 
volume of a tobaco rod occupied by space be- 
tween the shreds. Void volume is determined ac- 



cording to the following formula: 

W = 100 - -(TWxSV x 100) 

RV 

where TW, tobacco weight, is the weight of the 
filler in grams, SV is the specific volume of the 
filler in cubic centimeters per gram (cc/g) and RV 
is the rod volume of the tobacco rod in cubic 
centimeters. W is the void volume expressed as 
the percentage of the rod volume occupied by 
empty space. 

"Specific volume" (SV): The volume of a pre- 
determined amount of tobacco divided by the 
weight of the tobacco. The SV value is expressed 
as cc/g. Specific volume of the filler is measured 
using a mercury specific voiume test which in- 
volves placing a known weight of a tobacco sample 
in a sealed chamber of known volume and then 
evacuating the air in the chamber to a pressure of 
1 torr. An amount of mercury is then admitted to 
the sample chamber in a manner such that the 
interfacial pressure between the mercury and the 
tobacco limits the intrusion of mercury into the 
porous structure. The volume of mercury displaced 
by the tobacco sample of known weight at an 
interfacial pressure of 1 to 2 psi absolute is ex- 
pressed as SV in cc/g. The resulting specific vol- 
ume value is a measurement of the volume oc- 
cupied by each gram of tobacco shreds. 

"Rod volume" (RV): The volume of the tobacco 
rod, which equals ir multiplied by the radius (cm) 
squared multiplied by the length (cm). 

"Interstitial void spaces" and "void spaces": 
The spaces between the shreds, rather than the 
spaces that might exist within each shred. 

"Tobacco": May include tobacco, expanded to- 
bacco or other materials such as tobacco sub- 
stitutes, stems or reconstituted tobacco. 

"Filler" and "tobacco filler": May include to- 
bacco or other filler material such as tobacco sub- 
stitutes, stems or reconstituted tobacco which has 
been cut shredded, extruded or otherwise pre- 
pared for incorporation in a tobacco product. 

"Shred": A piece of any cut filler. "Tobacco 
rod" and "rod": A rod comprised primarily of to- 
bacco filler as herein defined. "Cigarette", 
"tobacco product" and "smoking article": A to- 
bacco rod — which may or may not be intended to 
be burned -- wrapped with a wrapping material 
such as paper and optionally tipped with a filter. 

"Low density rod", "high void volume rod", 
"enhanced firmness rod" and "high firmness rod": 
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A tobacco rod which when wrapped is character- 
ized by a greater firmness for any given void 
volume level when compared to a conventional 
cigarette made from the same type of filler. 

"Encapsulated Resistance-to-Draw " and 
"Resistance-to-Draw" (RTD): RTD is determined as 
follows. A vacuum system is set to pull an air flow 
of 1050 cc/minute by inserting a standard capiilary 
tube through the dental dam of a cigarette holder 
and adjusting the air flow through the capillary tube 
until the correct reading of the pressure drop 
across the capillary tube in inches of water, as 
measured on an inclined water manometer, is ob- 
tained. Then the butt end of a tobacco rod, which 
is wrapped with a paper that is impervious to air, is 
inserted to a depth of 5 mm in the dental dam of 
the tobacco rod holder. The pressure drop behind 
thid tobacco rod with 1050 cc/minute of air flowing 
through is read directly as TRD in inches of water. 
For the purposes of the present invention, a bon- 
ded rod having a low resistance to draw (RTD) is 
desirable. RTD's not in excess of a value equiv- 
alent to 2 inches for a 57 mm length tobacco rod 
having a circumference of 24.8 mm as measured 
by the above test are a characteristic of the 
present invention. 

"Vinder": May comprise virtually any binding 
material such as, for example, film forming or 
cross-linking agents, adhesives, bum additives, 
casing or flavors effective for the purpose of hold- 
ing shreds together. 

"Radial shred orientation": Orientation of the 
tobacco shreds within the cigarette such that the 
longer dimension of the shred is roughly perpen- 
dicular to the axis of the cigarette. 

"Oven-Voiatiles Content" (OV): A unit indicat- 
ing the moisture content (or percentage of mois- 
ture) in tobacco filler. It is determined by weighing 
a sample of tobacco filler before and after expo- 
sure in a circulating air oven for three hours at 
100° C. The weight loss as a percentage of initial 
weight is the oven-volatiles content. The weight 
loss is attributable to volatiles in addition to water 
but OV is used interchangeably with moisture con- 
tent and may be considered equivalent thereto 
since, at the test conditions, not more than about 
1% of the tobacco filler weight is volatiles other 
than water. 



Description Of The Prior Art 

The art of manufacturing cigarettes in a high 
speed cigarette-making machine such as the Mark 
8 Cigarette Maker manufactured by the Moiins 
Company is well known. In such a machine, the 
tobacco filler is introduced into a tobacco chimney 
and then blown into a perforated vacuum belt. The 



tobacco filler is then conveyed to an ecreteur or 
trimmer knife assembly which trims off the excess 
tobacco filler so that the desired quantity of to- 
bacco filler enters the garniture portion of the ma- 

5 chine. Within the garniture portion of the machine, 
the tobacco filler is formed into a tobacco rod and 
wrapped in cigarette paper. The wrapped tobacco 
rod passes through a density gauge and is then cut 
to length by a rod cut-off mechanism which may 

to be a laser device. 

As a result of treating and handling tobacco in 
its various forms, tobacco dust may be formed. 
Keritsis et al. U.S. patent 4,341,228 discloses a 
method for admixing such dust with a bonding 

ts material to form agglomerated particles, admixing 
the agglomerated particles with a tobacco paste 
slurry and forming the slurry into a sheet using a 
paper-making process. The resulting reconstituted 
tobacco sheet is dried and shredded to form to- 

20 bacco filler. Keritsis discloses, as bonding materi- 
als, film-forming materials, cross-linking agents and 
calcium-sequestering agents. The tobacco filter 
formed from the reconstituted tobacco sheets may 
be blended with natural tobacco filler and fed into 

25 the cigarette maker. 

The prior art has also found it desirable to add 
particulate matter in either solid or liquid form to 
the tobacco filler prior to its entry into the cigarette 
maker or in the garniture of the maker as shown in 

30 Nichols U.S. patent 4,409,995. Such particulate 
matter may include flavorings. An advantage of the 
process of the Nichols patent is that volatile flavor- 
ants such as menthol are recovered more com- 
pletely in the packaged cigarette since less op- 

35 portunity for vaporization is presented. 

More recently, it has become desirable to em- 
ploy expanded tobacco as a portion of the tobacco 
filler so that the weight of tobacco in the cigarette 
could be reduced. In order to compensate for the 

40 decreased tobacco content of the cigarette and 
maintain the firmness or stiffness of the cigarette, 
the art has suggested applying a bonding agent in 
liquid form to the tobacco filler by means of a 
nozzle fed by a pressurized reservoir. British pub- 

45 lished application 2128873A discloses the use of 
bonding agents such as collodion in acetone and 
aqueous solutions of dextrin or sodium caseinate 
applied to the tobacco filler prior to forming the 
wrapped tobacco rod. 

so While the approaches noted above are effec- 

tive to cause boding of the shreds or strands of the 
tobacco filler, they have also raised a number of 
problems. Thus, where liquid additives are incor- 
porated into the tobacco filler within the garniture 

55 portion of the cigarette maker, for example, at the 
short tongue, the disposition of the additive may be 
uniform along the length of the tobacco rod but not 
uniform from side to side of the rod thereby caus- 
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ing streaking of the cigarette wrapper. Also, if the 
liquid additive is in dilute form, the excess liquid 
may result in streaking of the cigarette wrapper 
even when the distribution of the liquid is substan- 
tially uniform throughout the tobacco rod. Finally, 
the use of liquid additives may result in liquid 
particles adhering to the cigarette maker which 
may cause it to become gummed up necessitating 
a shutdown for cleaning. 

Albertson et al. U.S. patent 4,619,276 discloses 
a method of applying foamed materials to the to- 
bacco filler. The foamed material improves the 
uniformity of the dispersion of the additive through- 
out the tobacco and permits the material additions 
late in the cigarette manufacturing process without 
causing gumming of the cigarette maker or loss of 
volatiles. The material which may be foamed in- 
cludes adhesives, film-forming or cross-linking 
agents, binders, burn additives, casings or flavors. 

Summary Of The Invention 

The present invention comprises a method for 
producing a high void volume/enhanced firmness 
tobacco rod which may be wrapped to form a 
cylindrical tobacco product such as a cigarette. 
This cigarette compares favorably with convention- 
al cigarettes on all of the characteristics mentioned 
above. The cigarette is characterized by a rela- 
tively high firmness despite having a relatively high 
proportion of its internal volume void of smoking 
material. It is comprised of shreds of tobacco filler 
which are adhered to one another by a binder, 
preferably of a type commonly used as a casing or 
burn control agent. Suitable binders includes pec- 
tins, licorice, starches, gums, sugars or honey. 

The method includes a first step of applying a 
solid, liquid or foamed binder to tobacco filler, 
treating the filler shreds to the extent necessary to 
cause the binder to become sufficiently non-tacky 
for storage or processing (such as by drying or 
dehumidifying) and then activating the binder within 
the cigarette maker by the use of steam, heat, 
water, conditioned air or an organic solvent. The 
binder may also be activated by electromagnetic 
energy such as microwave, ultrasonic or infra red 
radiation or by a polymerization process. Where 
the binder applied to the tobacco filler is dry, the 
cut tobacco filler should be at a moisture content of 
about 20% OV to provide enough moisture for the 
dry material to adhere to the shreds. 

It is an object of the present invention to pro- 
duce a cigarette having pleasing taste, pleasing 
feel, reduced rod riltration, and reduced shedding 
of tobacco from the cigarette's tip. 

An advantage of the product of the present 
invention is reduced rod density which results in 



less tobacco being burned. Similarly, at compara- 
ble linear burn rates less sidestream smoke will be 
generated during static burning. These advantages 
can be achieved without significant decrease in 

s firmness. An additional advantage of reduced to- 
bacco density is that a longer cigarette can be 
made with the same amount of tobacco as a shor- 
ter, denser cigarette. 

A still further advantage is derived from the 

10 open lattice of tobacco, in that the tobacco lattice 
intercepts and holds less smoke than does the 
more densely packed tobacco of a conventional 
cigarette, thus minimizing recombustion of materi- 
als retained by the tobacco filler. 

15 It may be desirable to control the amount and 

composition of the smoke by adding a filter to the 
cigarette. Various known filters, such as cellulose 
acetate plugs and tobacco plugs, are suitable for 
this purpose. 

20 The binder has the advantage of tending to 

prevent loose ends by tending to retain tobacco 
particles which would otherwise fall from the ciga- 
rette ends. Another advantage of the binder is that 
it may be a material which is already desirably 

25 used as a casing or burn control agent Thus, the 
additional step of applying the binder may obviate 
a flavoring step. 

30 Brief Description Of The Drawings 

The above and other objects and advantages 
of the invention will be apparent upon consideration 
of the following detailed description, taken in con- 
35 junction with the accompanying drawings in which 
like reference characters refer to the like parts 
throughout and in which: 

FIG. 1 is a graphic illustration of the relation- 
ship between firmness and void volume for both 
40 conventional cigarettes and for cigarettes according 
to the invention; 

FIG. 2 is an elevation showing the apparatus 
for a pneumatic process of rod formation; 

FIG. 3 is an elevation showing the apparatus 
45 for a steam/pneumatic rod formation process; 

FIG. 4 is an elevation showing a dual tube 
belt rod formation apparatus; 

FIG. 5 is a cross-section of the dual tube 
belt apparatus of FIG. 4; 
so FIG. 6 is an elevation showing a tapered 

garniture section; 

FIG. 7 is a perspective view of a cylindrical 
rod formed either by the pneumatic or 
steam/pneumatic process; 
55 FIG. 8 is a perspective view of a cigarette 

paper being wrapped around said rod of FIG. 7; 
and 
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FIG. 9 is a perspective view of a wrapped 
cigarette. 



Detaiied Description Of The Invention 

A high void volume cigarette characterized by 
an enhanced firmness may be formed by binding 
the filler shreds at points of shred-to-shred contact 
and by bridges of binder between shreds in close 
proximity to each other. The processes of the 
present invention make possible a practical high 
void volume/enhanced firmness cigarette. 

Firmness of conventional cigarettes is depen- 
dent upon the interstitial void volume. Generally, for 
a given type of filler, where there is a high intersti- 
tial void volume, cigarettes are less firm and tend 
to fall apart when handled. Where there is a low 
interstitial void volume cogarettes are more firm. 
For any given void volume, the cigarette of the 
present invention will exhibit greater firmness. The 
elevated firmness of the present invention is mea- 
surable by comparing the firmness of a conven- 
tional cigarette with the firmness of the cigarette of 
the present invention, while holding other variables 
constant. 

The relationship between firmness of cigarettes 
and void volume may be illustrated graphically. 
FIG. 1 shows empirical measurements of void vol- 
ume and firmness for cigarettes made from a num- 
ber of different types of tobacco fillers over a range 
of densities. The circumference of the cigarettes 
tested was 24.8 mm, which is the typical cigarette 
circumference in the cigarette industry. (Empirical 
results will vary somewhat with the diameter of the 
cigarette tested.) Line 10 shows the firmness and 
void volume measurements of cigarettes made 
from expanded Bright tobacco; Line 12 corre- 
sponds to cigarettes made from unexpanded Bright 
tobacco; Line 14 corresponds to a typical commer- 
cial blended cigarette: Line 16 corresponds to a 
cigarette made from a typical commercial tobacco 
blend using the foamed binder process disclosed 
in commonly assigned United States Patent No. 
4,619,276 and having a 0.5% binder solids add-on 
level; Line 18 corresponds to a cigarette made 
from unexpanded Burley tobacco; Line 20 shows 
the firmness-void volume relationship for the high 
void volume/enhanced firmness cigarettes of the 
present invention (using a typical commercial 
blend) having a 2% binder solids add-on level; and 
Line 22 corresponds to a high void 
volume/enhanced firmness cigarette (same blend) 
with a 6% binder solids add-on level. It will be 
understood that "binder solids add-on level" is the 
percent by weight of binder solids in the final filler 
product based on filler at a moisture level of 12.5% 



to 13.2%. 

FIG. 1 shows that for each cigarette type, in- 
cluding the high void volume/enhanced firmness 
cigarettes of the present invention, as void volume 

5 increases (and therefore density decreases), the 
cigarettes become less firm. However, a compari- 
son of Line 14 (conventional filter cigarette) with 
Lines 20 and -22 (high void volume/enhanced firm- 
ness) shows that for a given firmness, the void 

70 volume of a cigarette according to the present 
invention is significantly higher, i.e., Lines 20 and 
22 are to the right of Line 14. Likewise, for any 
given tobacco filler, the cigarettes of the present 
invention attain a better firmness for a specified 

75 void volume. The high void volume/enhanced firm- 
ness cigarette also compares favorably with each 
of the conventional cigarettes, including the ciga- 
rette comprised of 100% Burley (Line 18) -- a 
tobacco known for desirable firmness traits but also 

20 known for a harsh and unpalatable taste when 
smoked in cigarettes having high concentrations of 
Burley. Thus, FIG. 1 demonstrates that with the 
exception of a commercially unacceptable 100% 
Burley cigarette (Line 18), the high void 

25 volume/enhanced firmness cigarettes achieve void 
volume and firmness measurements to the right of 
Line 30. This high void volume/enhanced firmness 
region of FIG. 1, derived from empirical data, is 
represented as follows: 

30 

W > ( (F x 10) + 108,4 mm) 

2.2 mm 

where W corresponds to percent void volume and 

35 F corresponds to measured firmness. 

The ability to achieve an even better relation- 
ship between firmness and void volume, as in- 
dicated in the region to the right of Line 32, is a 
further characteristic of the present invention. This 

40 region, derived from empirical data, is represented 
as follows: 

W > ((Fx 10) + 123.2 mm) 

2.2 mm 

45 

FIG. 1 also demonstrates that with the exception of 
a commercially unacceptable Burley cigarette (Line 
18), the high void volume/enhanced firmness ciga- 

50 rettes achieve void volume measurements exceed- 
ing 68% (Line 34) and the amount determined by 
Line 30. And, only the present invention has void 
volumes exceeding 72% (Line 36) and the amount 
determined by Line 32. 

55 The method of the present invention involves 

applying binder material in dry, foamed or liquid 
form to tobacco filler for use in manufacturing 
cigarettes having increased firmness and reduced 
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loose ends and which permits the quantity of to- 
bacco incorporated into the cigarette to be re- 
duced. In order to avoid the problems of non- 
uniform dispersion and gumming up of the ma- 
chine the step of applying the binder material to 
the tobacco filler is performed in advance of the 
cigarette-making process. 

The applying or precoating step is performed 
while the tobacco filler is in motion in order to 
provide a uniform distribution of the adhesive or 
binder material and adequate moisture control of 
the tobacco filler. The precoating step may be 
performed in a tumbling drum or a fluidized bed or 
on a moving conveyor, all of which are hereafter 
referred to as providing a moving bed of tobacco 
filler. 

The tobacco shreds are uniformly mixed or 
coated with a bonding material which, as the term 
implies, causes bonding of the tobacco shreds 
under certain conditions. The bonding materials 
that may be employed in the process of the 
present invention include those materials which by 
themselves cause bonding of the tobacco shreds 
and afso include those materials which indirectly 
cause such bonding by having the effect of releas- 
ing naturally occurring bonding agents contained 
within the tobacco itself which agents subsequently 
cause the actual bonding of the tobacco shreds. 

Bonding materials which by themselves cause 
bonding of the tobacco shreds include, for exam- 
ple, film-forming materials, cross-linking agents, 
lipids, waxes and resins. Generally, the types of 
film-forming materials which may be employed in 
the present invention include, inter alia, polymers 
and resins selected from the classes of sac- 
charides, polysaccharides and their derivatives, and 
synthetic thermoplastic film formers. 

Some of the typical saccharides and polysac- 
charides are: sucrose; dextrose; polydextrose; natu- 
ral gums such as arabic, guar and locust bean; 
gums of fermentation such as dextran, xanthan and 
curdlan; starches; algins, pectins, xanthomonas and 
their water soluble salts (e.g., sodium, potassium 
and ammonium salts); chitin,; and chitosan and its 
salts (e.g., acetate and chloride salts). Suitable 
polysaccharide derivatives include: the cellulose, 
starch and gum ethers and esters, such as carbox- 
ymethyi cellulose, carboxymethyl starch, carbox- 
ymethyl guar, carboxymethyl chitin, methyl cel- 
lulose, ethyl cellulose, ethyl hydroxyethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, 
methyl hydroxypropyl cellulose, hydroxypropyl 
guar, cellulose acetate and oxycellulose; and other 
derivatives of starch and gums, such as hydrolyzed 
starches and dextrins. Typical synthetic film-for- 
ming resins include: polyvinyl alcohol; polyvinyl 
acetate: polyvinyl pyrrolidone; polyacrylic acid; 
copolymers combining methyl vinyl ether and mal- 



eic anhydride and salts of such copolymers; and 
polyvinyl pyridines. Typical lipids, waxes, resins 
and similar materials suitable for bonding and gen- 
erally having a melting point in the range of about 

5 40-120 C' include: the saturated fatty acids having 
at least 14 carbon atoms and the glycerin and 
sugar esters of such acids, the fatty alcohols and 
ketones containing at least 14 carbon atoms, paraf- 
fins, beeswax, carbowax, tobacco waxes, tobacco 

10 resins and other waxy-type and resin materials. 

Bonding materials which cause indirect bond- 
ing of the tobacco shreds include: calcium seques- 
tering agents such as diammonium phosphate; low- 
er polyfunctional carboxylic acids such as oxalic, 

75 citric, malic, malonic, succinic, and tartaric and 
their sodium, potassium and ammonium salts; and 
carbonate, bicarbonate and phosphate salts of so- 
dium and potassium. One or more sequestering 
agents may be employed at one time either to the 

20 entire tobacco filler blend or to a portion therein. 
When the tobacco filler is treated with a calcium 
sequestering agent in the presence of a base such 
as hydroxides of ammonium or potassium or so- 
dium, the tobacco pectin, which is naturally found 

25 in its calcium pectate water insoluble form, is re- 
leased in a soluble form. The released pectin, 
which is a film-forming material, may then be used 
as the bonding agent in a manner described in this 
process or by cross-linking with a polyvalent metal 

30 ion or by gelling and drying. The employment of 
tobacco derived pectins as bonding agents is dis- 
closed, for example, in U.S. Pat. Nos. 3,499,454; 
3,420,241; 4,674,519 and 4,341,228. 

Suitable cross-linking agents for bonding to- 

35 bacco shreds in this process are those that were 
previously disclosed in U.S. Pat. 4,341,228. 

Where a soluble binder is used, the binder 
material is dissolved in water or an organic solvent 
and pumped through a spray nozzle directed at the 

40 moving bed. Alternatively, the binder material may 
be formed into a liquid foam and delivered to the 
moving bed through a nozzle or orifice. As the 
foam material will contain less moisture than a 
spray solution of equivalent volume, the subse- 

45 quent drying procedure may be simplified. 

Where a liquid or foamed binder is used, a 
treating or drying step is preferably conducted si- 
multaneously with the spraying step by blowing hot 
air through the tobacco filler in a tumbling drum. 

so By simultaneously drying the tobacco, agglomer- 
ation of the coated particles or filaments of the filler 
material is prevented. Moreover, by drying the 
coated tobacco filler promptly, the adhesive or 
binder solids are maintained on the surface of the 

55 tobacco and do not have an opportunity to soak 
excessively into the interior of the tobacco and thus 
be unavailable for subsequent use as an adhesive 
or bonding agent. 
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While it is convenient to use hot air for the 
drying step, the combustion products of a gas or 
oil burner or superheated steam may also be uti- 
lized separately, or in conjunction with air. It will be 
appreciated that the drying rate increases with the 
temperature of the drying media. The upper limit of 
the temperature of the drying media is determined 
by the requirement of not degrading the tobacco 
while the lower limit is determined by such prac- 
tical considerations as not excessively extending 
the time required to complete the drying step. In 
this regard, it is undesirable for an appreciable 
amount of the adhesive or binder to be permitted 
to soak below the surface of the tobacco filler since 
such adhesive or binder material will then become 
ineffective for subsequent bonding of the tobacco 
strands or particles. Air temperatures in the range 
of 140° to 450° F. (about 60-235° C) have been 
found to be satisfactory for drying. After drying, the 
moisture content of the coated tobacco filler should 
be in the range of 12-14% OV which is about the 
same moisture content as exists in the filler prior to 
coating. During the coating process, the moisture 
content should be kept below about 20% OV and 
this is facilitated by performing the drying step 
simultaneously with the coating step as indicated 
above. 

While the coating and treating or drying steps 
are preferably performed in a continuous operation, 
a batch operation is possible if the coating is 
applied in a tumbling drum such as a commercial 
clothes dryer which permits simultaneous drying. 
Using such equipment it is possible to apply pectin 
as a binder in the form of a 2% water solution to 
attain a level of about 6% in a 30 pound batch of 
the coated filler in a period of about 95 minutes. 
During this period, about 97 pounds of the binder 
solution are sprayed in the tumpling batch of filler. 

As an alternative to the spraying and drying of 
a binder solution on the filler tobacco, a dry pow- 
dered binder such as fine powdered dextran may 
be dusted on the tobacco filler after the moisture 
content has been raised to a level of about 20% 
OV. In this instance, unless the filler tobacco is 
subsequently dried, the filler tobacco containing the 
binder in powder form should immediately be 
passed through the cigarette maker as the dry 
binder will become activated by the excess mois- 
ture in the tobacco filler. 

Another alternative to the spray coating step is 
to form thermally gelled sheets from a material 
such as methocel (Dow Chemical Company's 
Methocel A4C), shred the gelled sheets while they 
are still warm, blend the shredded thermally gelled 
sheets with hot tobacco filler and form the resulting 
blend into a tobacco rod. Upon cooling the tobacco 
rod, the thermally gelled shreds liquify and, upon 
drying, a bond is formed where the liquid material 



contacts adjacent tobacco particles. 

Following the application and treating or drying 
steps, the coated filler may be stored for subse- 
quent use or directed to the hopper of the cigarette 

5 maker. In the hopper/ecreteur section of the ciga- 
rette maker, a tobacco carpet is formed on a con- 
ventional suction tape and then trimmed to the 
desired height in the ecreteur. 

The tobacco carpet is thereafter formed into a 

w tobacco rod of roughly circular cross-section in the 
garniture portion of the maker in preparation for the 
activation step of the present process. Normally, 
the tobacco rod is formed in the garniture of the 
maker on a non-porous belt which also carries the 

75 cigarette paper. However, to facilitate the practice 
of the present invention, it is preferred to form the 
tobacco rod on a porous belt without the use of 
cigarette paper. The cylindrical tobacco rod, while 
still contained by the porous belt, may be exposed 

20 to a stream of wet steam or moisturized air, a water 
spray or a solvent which activates the preapplied 
binder coating contained on the surface of the 
tobacco filler. The binder may, in appropriate 
cases, be activated by electromagnetic energy 

25 such as microwave, ultrasonic or infrared radiation 
or by a process of polymerization. The activated 
binder thereupon bonds the shreds or particles of 
tobacco at points within the tobacco rod. 

To insure prompt curing of the binder, the 

30 bonded tobacco rod may sequentially be passed 
through a drying step and a vapor removal and 
cooling step. The drying step preferably is per- 
formed in a microwave dryer and the vapor re- 
moval and cooling step may use a stream of air or 

35 a vacuum operation. Upon leaving the vapor re- 
moval and cooling step the moisture content and 
temperature of the tobacco rod should be compati- 
ble with the requirements for wrapping and sealing 
the tobacco rod with cigarette paper, cutting the 

40 rod to form cut rods and collecing the cut rods. 

It will be appreciated that the precise nature of 
the activation step will depend upon the nature of 
the binder which has been preapplied to the filler 
tobacco. If the binder is water soluble, water or wet 

45 steam may be used as the activating agent. If the 
binder is a low melting point substance such as 
tobacco wax and resins, myristic acid, myristic 
alcohol, etc., steam or heat may be used to ac- 
tivate the binder. In some cases an organic solvent 

so may be required for a binder soluble in such a 
solvent 

As a result of the bonds formed between con- 
tacting tobacco strands or shreds, the tobacco rod 
and the resulting finished cigarette are firmer than 
55 the rod or cigarette would be without the adhesive 
bonding. Moreover, there is a reduced tendency for 
shreds of tobacco filler to fall from the end of the 
finished cigarette since bonding of the tobacco 
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shreds extends substantially across the cross-sec- 
tion of the tobacco rod. 

The high void volume/enhanced firmness ciga- 
rette of the present invention may also be formed 
using other methods and apparatus, including, but 
not limited to, the pneumatic and steam/pneumatic 
methods described below. The pneumatic method, 
illustrated in FIG. 2, is as follows: The binder is 
applied to tobacco filler as in the method described 
above. The treated tobacco shreds are metered 
onto a moving tape 98 which leads into an orifice 
100 which entrains the shreds in an air stream in 
tube 105 causing the shreds to gain momentum. 
The air stream is then exhausted through vents 110 
in tube 105 causing the shreds to continue travel- 
ing on their own momentum until the shreds are 
collected into a loosely packed rod 115 within a 
continuously moving circular porous garniture tape 
120. The driving force for the air stream may be 
obtained by using a vacuum unit around the vents 
110, or by using an aspirating unit 125 at the inlet 
130 of the tube, or by a combination of these 
methods. Control of the feed rate and the air 
stream velocity allow the density of the exiting 
tobacco rod to be regulated. 

The binder is activated as in the method de- 
scribed above. Likewise the tobacco rod is dried, 
and wrapped as in the method described above. 

FIG. 3 shows an alternative method of forming 
the tobacco rod using a steam/pneumatic method 
as follows: a water or heat activated binder is 
applied to tobacco filler as in the methods de- 
scribed above. The tobacco shreds coated with 
binder are metered onto a moving tape 150 which 
leads into an orifice 155 which entrains the shreds 
in a steam stream. The shreds are then acceler- 
ated by an aspirator 160 to the garniture 165 of an 
otherwise conventional cigarette maker where the 
steam stream is removed causing the shreds to 
continue traveling on their own momentum. The 
shreds may then be collected to form a tobacco 
rod 170. The binder is activated by steam conden- 
sate which quickly and uniformly deposits moisture 
on the surfaces of the shreds while the tobacco 
shreeds are entrained in the steam stream. The 
increased temperature of the steam condensate 
reduces the amount of water needed for activation 
where a water soluble binder is used; as a result, 
the binder is activated quickly and the moisture 
content gain of the filler during activation is mini- 
mized. The binder in the formed tobacco rod is 
dried as in the methods described above, causing 
the binder to set at contact points forming the high 
void volume/enhanced firmness tobacco rod. Con- 
trol of the feed rate and steam stream pressure 
allows control of the density of the resulting to- 
bacco rod. The tobacco rod is then wrapped, pref- 
erably by cigarette paper, and is dried to form the 



cigarette of the present invention. 

The tobacco rod with activated binder formed 
by either the preferred, pneumatic or 
steam/pneumatic method may alternatively be 

5 dried and cooled by passing through a garniture 
section where air is introduced as a means of 
cooling and partially drying the bound rod. Micro- 
wave or other methods of drying may also be 
used. The amount of air applied varies depending 

10 upon the density of the tobacco rod being pro- 
duced. The tobacco rod is then allowed to dry in 
ambient air with or without the application of heat. 
When dried, the shreds are locked into place for- 
ming a rigid cylindrical structure. 

is These methods alternatively may incorporate 

application of suction to the tobacco rod in the 
garniture section where air is introduced to cool 
and dry the rod. The suction produces a drier and 
cooler tobacco rod by removing vaporized water. 

20 The pneumatic or steam/ pneumatic method 

also may alternatively incorporate a dual tube belt 
within the steaming/drying garniture (FIGS. 4 and 
5). This has the advantage of allowing shred ori- 
entation in the tobacco rod to be varied by varying 

25 the speed differential of the two tube belts 201, 
205, 

In addition, the pneumatic or steam/pneumatic 
methods may alternatively provide for the tobacco 
rod to be formed within a tapered section 410 of 

30 the garniture going from a wide section 430 to a 
narrow section 460. (FIG. 6). This has the advan- 
tage of increasing the amount of feed rate variation 
that can be accommodated, while maintaining con- 
stant rod density. 

35 The pneumatic and steam/pneumatic methods 

have the advantage of orienting the individual 
shreds of the tobacco rod in a generally radial 
direction. This increased radial shred orientation 
causes greater resistance to radial compression 

40 which is an indicator of increased firmness. 

When a rod has been formed either by the 
preferred method, pneumatic method or by the 
steam/ pneumatic method and the binder has been 
set by drying, a tobacco rod 601 as shown in FIG. 

45 7 results. This rod 601 may be wrapped by paper 
605, as shown in FIG. 8. Paper 605 is secured 
around the rod 601 by a glue strip 610 to form a 
cigarette 615 as shown in FIG. 9. Alternatively, the 
rod can be wrapped during formation provided that 

so the paper used will not become discolored or oth- 
erwise marred or damaged as moisture is driven 
off in the drying process. 

The following examples illustrate the manner in 
which various binders may be applied to tobacco 

55 filler and subsequently activated in accordance with 
the method of the present invention. Tobacco filler 
so treated may be used to produce cigarettes 
having a higher void volume for a given firmness. 
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Example 1 

One pound (DWB) samples of tobacco filler 
blend having OVs of 14, 18,23 and 30% were 
placed into a revolving bowl-shaped tumbler, hav- 
ing an 18-inch center diameter and three one-inch 
deep flights located 60* apart in the inside surface 
along the rotating axis of the bowL The bowl- 
shaped tumbler was rotated at 33 rpm. While the 
tobacco filler was being tumbled and mixed 10, 20 
and 40 g of finer than 60 mesh citrus pectin 
powder for each pound sample was sprayed onto 
the tumbled tobacco filler and mixed therein. Each 
coated sample was divided into three equal parts. 
One of the samples wa taken off the tumbfer and 
was put in sealed glass jars and allowed to equili- 
brate for 24 hours and then allowed to air dry. The 
second sample was spread on aluminum foil and 
allowed to air dry at laboratory conditions to 12% 
OV. The third sample was left in the tumbler and 
while it was being tumbled, the coated tobacco 
filler was steamed for 30 seconds and then it was 
divided into two equal parts. One of these samples 
was spread on aluminum foil and air dried at lab- 
oratory conditions to 12% OV and the second 
sample was put in sealed glass jars for 24 hours 
and then it was air dried as above to 12% OV. 



Results 

The tobacco filler samples of 14, 18, 23 and 
30% OV coated with 10, 20 and 40 g of powdered 
pectin and then air dried at laboratory conditions to 
12% OV were found to contain a whitish coating on 
their surface which was more pronounced in the 
lower OV samples coated with the higher amounts 
of pectin powder. Upon shaking the 12% OV sam- 
ples in a sieve shaker for five minutes, it was 
noticed that some of the coating was dusted off the 
samples. However, the samples that were allowed 
to equilibrate in sealed jars for 24 hours prior to air 
drying at laboratory conditions to 12% OV ap- 
peared to have a much lesser amount of visible 
coating on the tobacco filler surface and retained 
the coating better than the previous samples when 
treated in the shaker under similar conditions. Fi- 
nally, the samples that were steamed following the 
powder coating application and then were air dried 
or equilibrated in sealed jars and then air dried to 
12% OV at laboratory conditions did not appear to 
contain any visible powderish coating but instead 
they appeared to have a thin, filmy and glossy 
surface, especially the samples with 40 g pectin. 
Shaking of these samples in a sieve shaker did not 
cause any noticeable amount of the coating to dust 
off the samples. 



Example 2 

The conditions of Example 1 were repeated 
with the use of finer than 60 mesh powders of gum 
5 arabic, sodium CMC, sodium alginate, dextran, pre- 
gelatinized starch, amylo pectin and hydroxypropyi 
methyl cellulose in place of the powdered pectin. In 
these cases, similar results as those with pectin in 
Example 1 were obtained. 

10 

Example 3 

Portions of the tobacco filler samples of Exam- 
75 pies 1 and 2 were humidified with steam or with a 
fine water mist spray or with liquid foam water 
(water with 1 % foraming agent) to 24 and 35% OV. 
Samples of these treated tobacco fillers were then 
made into cigarettes with the use of RYO Filter- 
20 matic cigarette maker (U.S. patent No. 3,515,147) 
and dried in an air circulating oven at 100* C. 



Results 

25 

The tobacco filler in all the hand-rolled ciga- 
rettes was well adhered in an open mesh structure. 
The produced cigarettes were found to be strong 
and self-supported (i.e., did not come apart when 
30 holding from one end). However, the more weakly 
bound cigarettes were those that contained the 
lowest amount of adhesive. 



35 Example 4 

The conditions of the previous examples were 
repeated with the use of 10% (w/w) of corn syrup 
or maltodextrin having a DE 10 and 35, or glyc- 
40 erine in the powdered binder (adhesive). In these 
cases, it appeared that the additives facilitated the 
activatiion of the various binders as judged by the 
degree of tackiness during the activation by steam 
or water. 

45 

Example 5 

The conditions of Examples 1 and 3 were 
so repeated with the use of methyl cellulose and dex- 
tran. The binders in this case were activated with 
ethanoi to produce well-adhered and self-supported 
hand-rolled cigarettes as in Example 3. 

55 

Example 6 

One pound (DWB) samples of tobacco filler 
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blend at 16% OV were coated with (40 g each) 
finer than 60 mesh paraffin wax or myristic acid or 
myristic alcohol or tripalmitin or polyox powders 
having melting points in the range of 38 C.-66 
C. The coating operation was carried out in a hot 
air atmosphere (70° C.) with the use of the pre- 
viously described tumbler. The coated tobacco fill- 
er samples were then equilibrated to 12% OV and 
were formed either into hand-rolled cigarettes 
(paper wrapped tobacco rods) or into 1/2-inch thick 
mats. Activation of these bonding agents was then 
achieved with heat (steam or hot air). In the case of 
the mats, the steam or hot air from a hair dryer 
was forced through the mat by the application of 
26-inch vacuum from below. Both samples, the mat 
and the tobacco rods with the removed wrapper, 
were found to be bonded and self-supported. The 
waxy materials appeared to accumulate at the to- 
bacco filler shred crossings and encase that portion 
of the tobacco filler within the formed waxy droplet. 



Example 7 

The conditions of Example 1 were repeated 
with 23% OV tobacco filler and 30 g sodium pec- 
tate or sodium alginate powders per pound of to- 
bacco filler blend (DWB). The powder coated to- 
bacco filler samples were then steam conditioned 
and allowed to dry at room conditions in a dis- 
persed (loose) state to 12% OV. Portions of these 
tobacco filler samples were formed into 1/2-inch 
thick mats in a pan having a metallic screen bottom 
(10 mesh), and placed over a vacuum chamber 
where vacuum was applied from below to facilitate 
the activation of the binders (adhesives) with var- 
ious impregnants. 

The binder in some of the samples was ac- 
tivated by wetting the tobacco filler to 30% OV, 
and in others with a foamed 10% CaCl2 water 
solution to 30% OV. At the end of each treatment, 
portions of the mats were dried with hot air (60° 
C.) and others were made into hand-rolled tobacco 
rods and then dried at 100° C. in an air circulated 
oven. 



Results 

In all cases, the binders were activated and 
caused the tobacco shreds to adhere to each other 
to form cohesive, self-supported structures. In the 
case where CaCb was used, the formed mats and 
tobacco rods were found to be firmer and less 
sensitive to moisture. The polyvalent metai ion or 
calcium in this case cross-linked with carboxylic 
acid groups of these polysaccharides to form a 
water insoluble binder. 



Example 8 

One pound (DWB) samples of tobacco filler 
blend were coated with 6% (DWB) methocel (Dow 

5 Chemical Co.'s Methocel A4C). The tobacco filler, 
12% OV, in this case was put in a tumbler and 
heated with 80° C. air or with steam and, while hot, 
it was sprayed with a 2% methocel solids water 
solution. The methocel solution droplets upon com- 

w ing in contact with the hot tobacco filler were 
caused to thermally gel on the tobacco surface 
thus preventing the tobacco shreds from sticking to 
the equipment and to each other. Portions of the 
hot tobacco filler were formed into 1/2 inch thick 

rs mats or hand-rolled into cigarettes. These struc- 
tures were then allowed to cool to room tempera- 
ture which was below the thermogeiation tempera- 
ture of the methocel solution. Other portions of the 
coated tobacco filler were allowed to dry with hot 

20 air to 12% OV and then formed into similar struc- 
tures as above. Portions of the mats made with the 
12% OV precoated tobacco filler were humidified 
to 30% OV with steam or with foamed water and 
then rolled into cigarettes at ambient conditions 

25 and then dried in an 100° C. forced air oven. 



Results 

30 The tobacco mats and hand-rolled cigarettes 

made with the coated, hot tobacco filler samples 
that were still wet, and then allowed to cool were 
found to be adhered, and maintain their integrity 
when they were dried in an 100° C. forced air 

35 oven. The adhesion of the two structures was en- 
hanced by the application of pressure (weight) prior 
to drying, whereas the samples made with the 
precoated and dried tobacco to 12% OV did not 
form an adhered structure even when the tobacco 

40 filler was compressed. However, the samples that 
contained the rehumidified precoated/ dried tobac- 
co filler behaved similarly to the first set of sam- 
ples. 

Activation of the adhesive in this case was 
45 achieved with moisture and temperature control. 



Example 9 

so The following sheets (films) were made by 

coating 8% solutions of pectin, CMC, dextran, dex- 
trin and gum arabic and then drying on stainless 
steel plates. The sheets were 4 mils thick. These 
were then shredded into 32 cpi and blended with a 

55 cut tobacco filler blend at 5 and 10% w/w levels in 
the blend at 12% OV. 

The blended fillers were then humidified to 
about 30% OV with water (spray) or with steam, 
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and were made into handrolled cigarettes with the 
use of a RYO Fiitermatic cigarette maker. Portions 
of the humidified biended filllers were made into 
1/2-inch thick webs and dried under a small 
amount of pressure (weight). 



Example 10 

The conditions of Example 7 were repeated 
with the addition of 10% (DWB) tobacco water 
soluble solids in the binder solution prior to coat- 
ing. 

Results 

In all cases (Examples 9 and 10) the tobacco 
filler shreds were well adhered to each other for- 
ming a self-supported open structure. The greater 
degree of adhesion was achieved with the 10% 
binder filler solids in the blend but indications were 
that the samples containing the 5% binder filler 
solids would be sufficient for this purpose by 
shredding the sheets into finer shreds (>60 
cuts/inch) to cover a wider area in the blend. The 
binder containing the tobacco solubles appeared to 
be tackier and more hydrophilic than the formula- 
tions that did not contain such additives. 



Example 1 1 

A 4% solids methocel solution in water was 
made and foamed with air. It was then cast onto 
stainless steel plates and thermally set by heating 
the foamed cast sheet to a temperature above the 
methocel gelation point. The thermally gelled 
sheets were removed from the plates, shredded 
while still warm and gelled, and then blended with 
hot tobacco filler. The amount of methocel gelled 
solution added was calculated to yield 5% and 
10% methocel solids (DWB) on the weight of to- 
bacco filler (DWB). The produced blends were 
used to fabricate hand-rolled tobacco rods and 1/2- 
inch thick mats on a 10 mesh screen placed over a 
vacuum box. The samples were then allowed to 
cool and then dried in an air circulating oven at 
100° C. 



Results 

The gelled methocel solution strands liquified 
upon cooling causing the tobacco shreds to be 
wetted and adhered to each other in a strongly 
bound self-supported structure when dried. 



Example 12 

Three 100 g portions of 12% OV tobacco filler 
blend were placed separately in a rotating basket 

5 centrifuge (Pfeiser Scientific Catalog Number 71- 
8115 equipped with a 5-inch diameter perforated 
basket rotor, Catalog Number 71-8105, having a 
capacity of 0.3 liters) at 1000, 2000, and 3200 rprrv 
respectively. The tobacco filler in each case was 

70 fed to the center of the rotating basket and forced 
to mat against the peripheral wall of the perforated 
basket rotor. This was then followed with the addi- 
tion of 20 g of a liquid foam binder having a foam 
density of 0.08 g/cc and a solids content of 10%. 

15 The liquid foam was added at a rate of 2 g per 
second to the center of the rotating basket. At the 
end of the liquid foam addition, the samples were 
allowed to spin for an additional 5 seconds. In each 
case, several tobacco filler samples were taken 

20 from various positions along the inner and outer 
surface of the matted tobacco filler and from within 
the mat depth. 

25 Results 

All the tobacco filler samples were found to be 
uniformly wetted and cased with the liquid foam 
binder, and that there was no significant difference 

30 in casing level between the inner and outer mat 
surfaces. Also, the surfaces of the basket appeared 
to be clean and free of any binder buildup. 

Visual examination of the process of adding the 
liquid foam to the tobacco filler in the centrifuge 

35 revealed that the injected foam was forced to the 
basket periphery by the centrifugal force and that 
upon coming in contact with the matted tobacco 
filler, the liquid foam instantaneously penetrated the 
tobacco filler mat and dissipated therein. 

40 

Example 13 

The conditions of Example 12 were repeated at 
45 3200 rpm and 20 g of liquid foam per 100 g 
portions of 12% OV tobacco filler blend samples. 
The liquid foam in each case contained 10%, 30%, 
and 50% solids and foam densities of 0.08, 0.12, 
and 0.22 g/cc, respectively. The rate of adding 
so foam was maintained at 2 g/second. 

In each case, the coated samples with liquid 
foam binder were compared to each other and to 
the controls treated with steam and with foamed 
(1% foaming agent) or unfoamed (zero solids) liq- 
55 uids. 

Using this system, the following treatments (A, 
B, and C) were carried out: 
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Treatment A 

1. Two 100 g portions of 12% OV tobacco 
filler blend were steamed to 20 and 30% OV in the 
basket centrifuge. 

2. Three 1 00 g portions of 1 2% OV tobacco 
filler biend were cased with 10, 14, and 18 g of 
unfoamed liquid containing no solids. 

3. Three 100 g portions of 12% OV tobacco 
filler blend were cased with 10, 14, and 18 g of 
foamed liquid having 0.08 g/cc foam density and 
t% foaming agent (no binder). 

4. A 1 00 g portion of the same tobacco filler 
blend was cased with 20 g of liquid foam binder 
having a foam density of 0.08 g/cc and 10% solids. 

5. A 100 g portion of the same tobacco filler 
blend was cased with 20 g of liquid foam binder 
having a foam density of 0.12 g/cc and 30% solids. 

6. A 100 g portion of the same tobacco filler 
biend was cased with 20 g of liquid foam binder 
having a foam density of 0.22 g/cc and 50% soiids. 



Treatment B 

The Treatment A was repeated but at the end 
and while the treated tobacco filler samples were 
centrifuged, the samples were dried to 8-12% OV 
with hot air (140-180° F). 



Treatment C 

The samples 4, 5, and 6 of Treatment A were 
repeated. Each of these samples at the end of 
Treatment A was dispersed into a hot (350 ° F.) air 
stream and dried to 8-1 2% OV. The samples were 
conditioned to 12% OV and reinserted into the 
spinning basket centrifuge at 3200 rpm. These 
were then treated with steam or liquid 
(foamed, unfoamed) as per steps 1, 2, and 3 of 
Treatment A and finally dried as per Treatment B. 



Results 



Treatment A 

All samples of this treatment, with the excep- 
tion of number 2, yielded uniformly wetted/cased 
products. The samples 5 and 6 were somewhat 
tacky but still very loosely held together and easy 
to separate. Samples 2 were spotty, nonuniformly 
wetted, and some of the liquid was extracted by 
centrifuge. 



Treatment B 

The samples treated with steam or with liquid 
(foamed/unfoamed) were very loose and the to- 

5 bacco filler shreds did not adhere to each other. 
However, the tobacco filler samples cased with the 
foamed liquid binder were found to be uniformly 
adhered together into an open mesh self-supported 
web. There did not appear to be any significant 

10 difference in adherence between the top and bot- 
tom side (inner/outer surface) of matted tobacco 
filler, and very little difference between the samples 
cased with the different foam densities. 

75 

Treatment C 

All the precoated samples with the 10, 30, and 
50% solids binders were found to be uniformly 

20 adhered together in a self-supported mat when the 
preapplied binder was activated with steam and 
with the foamed liquid. The greater degree of to- 
bacco filler shred adhesion in these samples was 
achieved in the precoated samples with 30 and 

25 50% solids finders. The activation of the binder 
with unfoamed liquid produced variable results, es- 
pecially in the case where lower amounts of liquid 
were used. In these cases, segments of the sam- 
ples treated with the unfoamed liquid for activation 

30 of the binder in the precoated tobaccos were found 
to be adhered and others were not. When the liquid 
was added in atomized form using an ultrasonic 
nozzle, the adhesive was activated and caused a 
uniform adhesion between the tobacco filler shreds 

35 to form a strong, self-supported tobacco mat. 



Example 14 

40 A mat of 12% OV tobacco filler blend, 1/2-inch 

thick, was formed in a rectangular pan having a 40 
mesh wire screen bottom. The upper surface of 
this mat was uniformly coated with a liquid foam 
binder having 10% solids and a foam density of 

45 0.08 g/cc. The amount of liquid foam binder used 
was equivalent to 20 g foam/100 g 12% OV to- 
bacco filler. The rectangular pan containing the 
tobacco filler mat with the liquid foam binder on its 
upper surface was then placed over a vacuum box 

50 where 26 inches of vacuum was applied from be- 
low. The vacuum forced the liquid foam to be 
sucked (penetrated) into the tobacco filler mat and 
coat the tobacco filler. Half of the mat was dis- 
persed with a wire brush into a hot air stream 

55 (350° F.) and dried to 8-12% OV and the remain- 
ing portion of the undisturbed coated mat was 
dried in place with 140° F. air. The dispersed/dried 
precoated tobacco filler was reformed into a mat, 
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steamed to 30-35% OV and then dried with 1 40 ° F 
air under a 10-inch vacuum. 

Resuits 

The dried in place mat that was coated with the 
liquid foam binder was found to be well adhered 
and self-supported. The reformed mat with the 
precoated binder which was steamed and then 
dried was also adhered together and was self- 
supported. 

Example 15 

The experiment was repeated by applying 1/2 
of the liquid foam in the manner previously de- 
scribed in Example 14 and the other 1/2 of the 
liquid foam binder was applied in a second step 
without vacuum but with the use of a squeegeeing 
apparatus. 



Results 

A sample of the mat coated under vacuum with 
1/2 the amount of liquid foam binder and dried 
undisturbed was found to be very weakly adhered 
together whereas the mat impregnated with the 
two-step approach was found to be more strongly 
bound and self-supported. The mats made with the 
precoated/dried tobacco filler in which the binder 
was activated with steam and then dried under a 
10-inch vacuum produced similar results. 



Example 16 

Example 15 was repeated but without the use 
of vacuum for the impregnation of the tobacco filler 
mat with the liquid foam binder. Instead, the ap- 
plied liquid foam binder was added to the top 
surface of the tobacco fiiler mat and then was 
squeezed into the mat. 



Results 

This method of coating tobacco filler with liquid 
foam binder was also found to be satisfactory by a 
similar testing as for Example 15. 

Thus it is seen that a cigarette is provided 
having higher void volume for a given firmness. 
Also, a method is provided for treating tobacco 
filler so as to produce such cigarettes. One skilled 
in the art will appreciate that the present invention 
can be practiced by other than the preferred em- 



bodiments which are presented for purposes of 
illustration and not of limitation, and the present 
invention is limited only by the claims which follow. 

5 

Claims 

1. A tobacco product comprising a tobacco 
rod, a wrapper around the rod, the rod having a 

w plurality of tobacco shreds, with adjoining shreds 
being adhered to one another by a binder leaving 
flow passageways within the rod, the wrapped rod 
being further characterised by a firmness and a 
void volume such that the void volume (%) is 

75 greater than a value represented by: ten times the 
firmness (mm), plus 108.4 mm, all divided by 2.2 
mm. 

2. The product of claim 1 further characterised 
by a firmness and a void volume such that the void 

20 volume is greater than a value represented by: ten 
times the firmness, plus 123.2 mm, all divided by 
2.2 mm. 

3. The product of claim 1 or 2, in which the rod 
is structurally self-supporting without the aid of 

25 wrapping paper or other covering. 

4. The product of any of claims 1 to 3 in which 
the void volume of the rod is greater than 68%. 

5. The product of any of claims 1 to 3 in which 
the void volume of the rod is greater than 72%. 

30 6. The product of any of claims 1 to 5 in which 

the tobacco shreds are distributed within the rod in 
a generally radial orientation. 

7. The product of any of claims 1 to 6 in which 
the tobacco rod has an encapsulated resistance to 

35 draw not in excess of a value equivalent to two 
inches of water when the rod is wrapped in a 
wrapper impervious to air. 

8. A method of making a tobacco product, 
comprising the steps of: applying a binder to to- 

40 bacco filter; 

treating the filler shreds to the extent necessary to 
cause the binder to become substantially non- 
tacky; 

forming the treated filler shreds into a rod; 
45 activating the binder, thus causing the fiiler shreds 
to adhere together; and 

treating the rod to the extent necessary to cause 
the filler shreds to become bonded to one another. 

9. The method of making a tobacco product 
so set forth in claim 8 wherein after the filler is treated 

so that the binder becomes substantially non-tacky, 
the filler is entrained in an air stream whereby the 
filler gains momentum and then the air stream is 
exhausted and the filler travels on its own momen- 
55 turn until the filler is collected into a rod. 

10. The method of making a tobacco product 
in a cigarette making machine having an entraining 
and transporting apparatus including a tube com- 
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prising the steps set forth in claim 9 wherein the 
filler while entrained in the airstream and while 
travelling on its own momentum flows through the 
tube on the way to the rod forming apparatus in 
order to affect the orientation of the shreds. 

11. A method as claimed in any of claims 8 to 
10 in which the binder is a water soluble or heat 
activated binder and is activated by entraining the 
treated filler in a steam stream, the entrained filler 
is conveyed to the garniture of a cigarette maker 
where the steam stream is removed; and the filler 
shreads are then formed into a rod. 

12. The method of making a tobacco product 
set forth in claim 11 further comprising regulating 
the density of the exiting rod by controlling the 
feed rate and steam stream pressure. 

13. A method as claimed in any of claims 8 to 

12 wherein said rod treating step comprises run- 
ning the rod through a garniture selection of a 
cigarette making machine where air is introduced 
to cool and dry the rod to the desired moisture 
level. 

14. A method as claimed in any of claims 8 to 

13 using a cigarette making machine having dual 
tube belts wherein said rod forming step comprises 
varying the speed of the tube belts to control shred 
orientation in the rod. 

15. A method as claimed in any of claims 8 to 
13 using a cigarette making machine having a 
tapered garniture section, wherein said rod forming 
step comprises collecting the shreds into a rod 
within the tapered garniture section. 

16. The method as claimed in any of claims 8 
to 13 using a cigarette making machine having a 
porous tube belt in a tapered garniture section, 
wherein said rod forming step comprises forming 
the filler into a rod within the porous tube belt. 

17. The method as claimed in any of claims 8 
to 16 therein said steps of applying binder and 
treating the filler occur simultaneously. 

18. A method as claimed in any of claims 8 to 
17 in which the binder is applied to a moving bed 
of the filler. 

19. A method as set forth in claim 18 wherein 
the binder is applied as a liquid. 

20. A method as set forth in claim 18 wherein 
the binder is a dry powder. 

21. A method as set forth in claim 18 wherein 
the binder is a low melting point solid in the form 
of a powder finder than 60 mesh. 

22. A method as set forth in claim 18 wherein 
the binder is a thermogelling material having a 
thermogelation temperature above room tempera- 
ture. 

23. A method as set forth in claim 22 wherein 
the step of forming the filler tobacco containing the 
thermogeiling binder into a cigarette rod is per- 
formed at a temperature above the thermogelation 



temperature and the activation step is performed 
by cooling the tobacco rod below the thermogela- 
tion temperature. 

24. A method as set forth in claim 23 wherein 
5 bonding is effected by drying the tobacco rod. 

25. A method as set forth in claim 18 wherein 
the binder is applied as a foamed liquid, 

26. A method as set forth in claim 18 wherein 
the binder is a film-forming material, a cross-linking 

w agent or a combination thereof. 

27. A method as set forth in claim 26 wherein 
the binder is a film-forming material and the film- 
forming material is formed into a sheet, shredded 
and then mixed with the tobacco filler. 

15 28. A method of any of claims 18 to 27 wherein 

the moving bed of tobacco filler is generated by 
tumbling the tobacco filler in a tumbling drum. 

29. The method of any of claims 18 to 27 
wherein the moving bed of tobacco filler is a 

20 fluidised bed. 

30. A method as claimed in any of claims 18 to 
27 in which the binder is applied in liquid form and 
simultaneously the filler shreds are dried to cause 
the binder to become substantially non-tacky. 

25 31. A method as set forth in any of claims 18 

to 30 wherein the activating agent is selected from 
the group consisting of steam, moisturised air, wa- 
ter, hot air, organic solvents, electromagnetic radi- 
ation, and ultrasonic energy. 

30 32. A method claimed in any of claims 8 to 31 

wherein said rod treating step is partially or com- 
pletely performed by exposing the rod to micro- 
wave energy. 

35 
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